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determination of fluid trapping pressure and temperature conditions.
To assess the P -T conditions of deep circulating fluids from the Hyuga unit of the Shimanto paleo-accretionary prism on Kyushu, Japan, we have developed a new computational code, applicable to the H 2 O-CH 4 -NaCl system, which allows the characterization of CH 4 -bearing aqueous inclusions using only the temperatures of their phase transitions estimated by microthermometry: T mi , the melting temperature of ice; T hyd , the melting temperature of gas hydrate and T h,aq , homogenization temperature. This thermodynamic modeling calculates the bulk density and composition of aqueous inclusions, as well as their P -T isochoric paths in a P -T diagram with an estimated precision of approximatively 10 %.
We use this computational tool to reconstruct the entrapment P -T conditions of aqueous inclusions in the Hyuga unit, and we show that these aqueous inclusions cannot be cogenetic with methane gaseous inclusions present in the same rocks. As a result, we propose that pulses of a high-pressure, methanerich fluid transiently percolated through a rock wetted by a lower-pressure aqueous fluid. By coupling microthermometric results with petrological data, we infer that the exhumation of the Hyuga unit from the peak metamorphic conditions was nearly isothermal and ended up under a very hot geothermal gradient.
In subduction or collision zones, modeling aqueous fluid inclusions in the ternary H 2 O-CH 4 -NaCl system and not simply in the binary H 2 O-NaCl is necessary, as the addition of even a small amount of methane to the water raises significantly the isochores to higher pressures. Our new code provides be estimated on a P -T diagram from the intersection of the isochores of 
29
This assumption is commonly based on the distribution and the geometry to check the cogenetic character of methane-rich and water-rich inclusions.
54
The above mentioned difficulties present themselves when working with 55 aqueous H 2 O-NaCl-CH 4 inclusions in rocks of the Shimanto paleo-accretionary 56 complex (Japan) . In particular, small (∼ 5µm), aqueous inclusions are asso-57 ciated with some gaseous CH 4 inclusions, whose cogenetic character cannot with the ductile phase cannot be studied by microthermometric methods,
124
which assume an isochoric evolution of the inclusions from their trapping.
125
Our study is thus necessarily restricted to late-stage quartz veins, devoid of 126 plastic deformation ( Fig. 2A and B) .
127
In the Hyuga mélange ( Fig. 1 by Kondo et al. (2005) .
210
On the other hand, the measurements of the temperatures of ice melting
211
(T mi ) and gas hydrate disappearance (T hyd ) are more difficult to carry out.
212
In theory, T mi and T hyd can be estimated, during heating, by visual obser-
213
vation of the disappearance of ice and gas hydrate, respectively. However,
214
in practice, the inclusions are either too small or too crowded, so that the observations to the largest fluid inclusions, and we had to apply a specific 220 procedure of cyclic heating and cooling (Ramboz, 1980) to measure T mi and
221
T hyd .
222
The method of Ramboz (1980) is based on successive cycles of heating 223 and cooling, which allow to determine the temperature of disappearance 224 of ice/gas hydrate. It can be described as follows ( 4. Repeat steps (2) and (3) for increasing T i temperatures, until for some
232
T n , rapid freezing has no effect on the vapour bubble (no shrinkage 233 and no deformation). This indicates that ice/gas hydrate seeds have 234 completely disappeared.
235
The melting temperature (T m , i.e either T mi or T hyd ) of ice/gas hydrate 236 is then approximated by T n−1 < T m < T n . The precision depends on the 237 temperature increments, and it can be set up to the precision of the mi-238 crothermometric equipment (i.e. a precision of 0.1 • C).
239
In practice, for ice, initial freezing was done at a temperature around For ice, the measurement of T mi is systematically reproducible within ± 245 0.1 • C, as the bubble shrinkage caused by ice formation is easily detectable.
246
However, for gas hydrates, the procedure is much less efficient. As the bulk 247 content of CH 4 is very low, the volumetric proportion of gas hydrate is also 248 very low. Thus, its growth does not affect much the gas bubble, and its effect 249 is only detectable in favourable cases, when the gas hydrate deforms the shape 250 of the vapor bubble or changes its position in the inclusion. Hence, only a 251 fraction of the inclusions showed some response to freezing/heating cycles.
252
Moreover, in some of these inclusions, it was noted that the measurements
253
of T hyd were not reproducible after a complete freezing below ∼-40
postulate that the reason is a change in the position of the gas hydrate crystal 255 seed, but had to discard the results of these inclusions.
256 Table 2 gives the complete data set (T mi , T hyd and T h,aq ) measured for • first (state 1), melting of the last ice crystal in the presence of a gas 266 hydrate (H), an aqueous solution (L w ) and a gas bubble (G) at a tem-
• then (state 2), melting of the last gas hydrate crystal in the presence
269
of an aqueous solution and a gas bubble at a temperature T 2 =T hyd ,
270
• and eventually (state 3), diasppearance of the gas bubble (homogeniza-
271
tion point) at a temperature T 3 =T h,aq .
272
To our knowledge, at least two thermodynamic models (Dubessy et al., NaCl-bearing aqueous solutions.
282
Our algorithm is based on the assumption that fluid inclusions behave as 283 closed and isochoric systems. Thus, the key equations can be given by the 284 following set of expressions:
n NaCl,1 = n NaCl,2 sions 27 and 30). In this case, T t = T max and P t = P aq (T t ) = P g (T t )
377
(where P g is the pressure of gasous inclusions along their monophasic 378 isochores). Both aqueous and gaseous inclusions have recorded these 
391
In conclusion, we think that trapping occurred: 
Geothermal evolution of the unit of the Hyuga melange unit

405
The trapping conditions inferred in the preceding section correspond to conditions: in inclusion a, P hyd is 3 times larger than in inclusion b (Table   488 3). As a result, bulk concentration of methane is larger, so that the pres-
489
sure conditions required to dissolve completely the methane in the water, i.e. 
511
In this work, we have developed a new procedure to study methane-512 bearing aqueous inclusions, commonly found in such geodynamical contexts.
513
The method depends only on microthermometric data, i.e.: the melting First, when the last piece of ice disappears (state 1) at T 1 =T mi , one has:
553
• the number moles of CH 4 and H 2 O in the gas:
• the number of moles of CH 4 and H 2 O in the gas hydrate:
• and the number of moles of H 2 O, CH 4 and NaCl in the aqueous solution:
The mole numbers of H 2 O, CH 4 and NaCl is then obtained from:
where different quantities are yielded by equations A.1, A.2 and A.3.
558
In the same way, similar equations are derived for state 2 (i.e. when the 560 last nugget of gas hydrate melts at T 2 =T hyd ):
561
• the number of moles of H 2 O and CH 4 in the gas:
• the number of moles of H 2 O, CH 4 and NaCl in the aqueous phase:
• the total number of moles of H 2 O, CH 4 and NaCl in a volume of 1 m 3 :
where right-hand terms are calculated by equations A.5 and A.6. given respectively by:
where densities ρ permit to characterize the fluid inclusion at different states (in particular, homogenization point and gas hydrate melting point). was still present at T i .
725
Movie 2: Cycle j to measure T mi . As T is slowly increased up to T j , the 726 bubble expands. Rapid freezing has no effect on the bubble, showing that 727 ice was no longer present at T j .
728
Movie 3: Cycle i to measure T hyd . As T is slowly increased up to T i , the 
732
Movie 4: Cycle j to measure T hyd . As T is slowly increased up to T j ,
733
the bubble moves and deforms. Rapid freezing has no effect on the bubble,
734
showing that gas hydrate was no longer present at T j .
735
Symbol Signification subscript i component (i either H 2 O or CH 4 or NaCl ) superscript j phase (j =H for gas hydrate; j =L w for aqueous solution; and j =G for gas) subscript k state (k = 1 for ice disappearance point; k = 2 for gas hydrate disapperance point; k = 3 for homogenization point) 
